Normal aging is often accompanied by impairments in forming new memories, and studies of aging rodents have revealed structural and functional changes to the hippocampus that might point to the mechanisms behind such memory loss. In this article, we synthesize recent neurobiological and neurophysiological findings into a model of the information-processing circuit of the aging hippocampus. The key point of the model is that small concurrent changes during aging strengthen the auto-associative network of the CA3 subregion at the cost of processing new information coming in from the entorhinal cortex. As a result of such reorganization in aged memory-impaired individuals, information that is already stored would become the dominant pattern of the hippocampus to the detriment of the ability to encode new information.
Introduction
Aging is often accompanied by cognitive decline across multiple performance domains [1] . For many individuals, cognitive aging is particularly associated with impairments in remembering recent events and in learning complex associations [2, 3] . Intriguingly, whereas the ability to form memories of new events and associations declines with age, memories of older events are often rigidly retained [4] . Could this paradox of cognitive aging provide a clue as to why new memories fail in aging?
In this paper, we highlight three key characteristics of deficient episodic memories that are associated with normal aging: loss of contextual details, susceptibility to interference, and an attenuated response to novelty. We will then present recent findings from animal models of cognitive aging that suggest a neurobiological and neurophysiological basis for these impairments. We will review evidence that age-related memory loss is identified with anatomically specific and subtle changes in brain connectivity, leading to structural and functional changes within the hippocampus that might account for cognitive aging.
Age-related difficulties with contexts, interference and novelty Young people not only remember critical events from the past, but also can recall details about where and when an event occurred or the source of information obtained. Fewer of these contextual or source details are included in recently acquired memories of older adults [1] . For example, in formal testing of verbal memory, the memories of aged individuals often lack details such as the color, case or font of words presented visually, whether the speakers of words were male or female, and even whether items were presented visually or aurally [1] . One crucial component of context is the spatial location where items were experienced. Aged adults are impaired in multiple aspects of spatial memory, from recalling where an item was located [5, 6 ] to navigating through a recently learned environment [7, 8] . In addition, memories of aged individuals are more adversely affected by increased similarity between contexts or objects [9, 10] . These observations suggest that aging is associated with a decrease in the amount of information stored in memory that can be brought to bear in distinguishing experiences that share common elements of contextual information.
In addition, the elderly are disproportionately affected by interference from irrelevant information [11] . Aged individuals often have more difficulty in forgetting stored information that becomes irrelevant [11] . Consequently, memories of the elderly are particularly vulnerable to proactive interference, which occurs when previously stored memories conflict with the retrieval of new memories [12] . Conversely, in verbal learning, aged individuals are helped more by a reduction of interference between target words and lures [10] . Thus, an age-associated impairment in distinguishing experiences might also arise, in part, as a consequence of failures to update or inhibit previously stored information.
Older individuals also have an attenuated response to novelty. In young adults, an unexpected novel sound among repeated sounds causes an increase in neuronal synchronization 300 ms later, named the P300 eventrelated potential [13] . Normal aging is associated with a decreased amplitude and a longer latency of the P300 [14, 15] , and the deficit can be greater in cognitively impaired individuals [16] . Similarly, a sudden occasional 
